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(X) Ml]l~J’l’ATION  ANI) Al)])] ,I(XTION OV ‘1’IIIC ‘J’OPIWJX)SIHI)ON
01{111’1’ JCVICN’J’ FJI.E*

David A. Spcnccrtti aml Ahmcxl  II. Salamaf’tt

‘1’hc Ohil Hvcnl Program is an anal ylicxil  software tool tha( scarcks  for the m:cur! mm of various
salcllilc  gcomctrics  rclat ivc (o IIK carlh,  sun, 1 )ccp Space Network sta(ions,  and tlIc l’racking  and
IXda Relay Salclli(c  Sys[cm, I’hc Olbi[ ]ivcn[ Program is used by the ~’OP}\X/POSFJl)ON
Navigation Team to gcncra(c an 01’bi(  IWcnt Iiilc, which consis{sof  a sckct gloup  of (inm-ordc.rc.d
events to 1X used in missioa  planning for tlIc 101’EX/POSHllX3N  spacecraft,

l%or to launch, the Orbi(  }ivcnt Plogiam was used cxtcnsivcly  in the design of the ‘1’OP};X/
POS}iII)ON  operational or’bi( and the asscssn]cnl  phase mancuvc,r scqucncc.  During routine
ojxmtions,  the orbit  Evc.ilt IJilc  is dclivcrc.d to tlIc Mission Planning and Sequencing, ‘l”can] on a
wcclily basis. hom the Orhil  IWcnt File, the mission planners gcncmlc  a Scquc.ncc  of Hvcnts to
k uplinkcd  to the salcllilc.  ‘l’tic  Ohi[ llvcn(  l;ilc  is also used as input to (I1c ‘J”I)RSS scheduling
process.

‘1’his  paper provides an overview of the Planetary Observer Planning Software, from which the
Orbit :Iivcnt Program has cvolvcxl as all application specifically for the ‘1’OPIiX/I’OSIH [)(3N
mission, ‘1’hc val ious orbital cvc,nts ~ol[ipu(c.d  and wri((cm to the. Orbit  livcnt  I(ilc.  arc dcscribcd,
and (Imapjdicalion  of (k Olbil ]ivcat  ltilc  in mission planning is discussed. I’l)c accuracy of the
events cakulatcd  by tt lc Orbit Iivc.Iit  Prograwi,  as compared with lllct  ac.lual observed orbital
cvcn[s,  alc cvalaalcd.

IN’I’I<OI)lJ(;’I’I(  [)N

‘1’01’l;X/l’OSIHl)ON  is a cooperative project bctwccn the llnitcd  States and Jkancc  to develop
and operate an advancd  satellite systcm ckdicatcd  to observing the liarlh’s oceans. “1’hc mission is
providing global  sea lCVCI mcasurcmcnts with an unpre~cdcntd  accuracy, using  radar altimetry. ‘l’he
(data from ‘J’OI’l{)(fl’OSI  ill~ON will bc used to ctctcrminc p,lobal ocean circulation and to understand how
the oceans interact with the atmosphere.
.-.. ——— . ..— .—...  —--- . . ..-. —-. -... —- .-._. . . . .

$ ‘1’hc research dcscribcd  in this paper was carried OU[ by the Jet Propulsion 1.abomtory, California
lnsititutc of ‘1’cchnology,  uncle) a contract with the National Acmnalltics and Space Administration.

“~ JVlCIIIbI”  of “J’ethnical Staff, Mission l)csigii  Scztion, Jet IYopulsion I xiboratory,  Pasa(lcna,  Califorj)ia,
‘}t h4cmbcr  AlAA..
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]]uring the “1’01’l;X/I’OSl lIIION mission design process, the nccll  was identified for software
capable of generating a predicted set of orbital events for usc in view pcJjoc~  s~hcdulin~  and scqucncc
plannin~).  As a :rcsult, the Mission IIcsig,n  Section of the Jet Propulsion 1.aboratory  dcvclopcd  the Orbit
1 ivcnt l’rogram as an extension of the l’lanctary Observer Planning Software. ‘1’hc orbit  1 ivcnt l’rogram
is an analytical software tool that scarchcs  fol the Occulrcncc  of various  satellite gconlctrics relative to
the earth, sun, I)ccp Space Network (lX$N) stations, and the “1’ra~king  and I~ata Rc]ay Satellite Systcm
(’I’I>RSS). in general, the events conqmlcd  by the Orbit }~vcnt  ~’rogran~ arc functions of the spacecraft
trajectory and attitude.

‘1’hc Orbit livcnt  Program is used by the ‘J’OI’liX/l’OSl  ~lllON Navigation ‘1’cam to gcncratc  an
Orbit 1 ;vcnt IJilc, which consists of a sclcd  p)roup of time-ordcrd events to be usd in mission planning
for the “1’01’1 ~X/POSlill  JON spacecraft. l’he.sc events include mbit revolution occurrcnccs, land/sea
crossings, verification site closest approaches, 1X3N station rises and sets, “1’11}<SS  rises and sets,
spacecraft occultations from the sun, solar intcrfercncc with communication links, orbit sun times, beta-
primc events, and Radio ITcqucncy  lntcrfcrcncc  (R]~l) and South Atlantic Anomaly zone entries and
exits, I~vcnts  related to the “I’OI’liX/I’OSl  illlON 1 Iigh Gain Antenna orientation and gimbal angle rates
arc also included.

lluring  mission operations, the GS}T  Flight  IIynamics Iiacility provides the Jet Propulsion
1.aboratory  ‘J’Ol>liX/POSIH  I ION Navigation ‘1’cam with orbit clctcrmination solut ions based on tracking
data, in the form of ]Ixtcndd  Precision Vectors (ltl’Vs). ‘lShc IWVS arc transmitted via NASCOM
through the Telemetry, Command and Communications Subsystem from the lilight  1 lynamics }iacility
to the ‘J’OI’l~X/!’OSliI1 >ON Navigation ‘1’cam. “1’he Navigation “1’cam converts the vedors  into mean
clcmcnts for usc in orbit propagation, ‘1’hc Satellite Pcrformancc Analysis Team provides constraints
related to the satellite geometry for input into the Orbit llvcnt l’rogram. “1’hc resulting Orbit livent  liilc
is then (iclivcrecl by the Navigation “1’cam to the Mission l’lanning  and Sequencing ‘J’cam for usc in
developing the mission sequence.

l’rior to launch, the Orbit INcnt l’rogram  was used cxtcnsivel  y in the design of the ‘1’OPIIX/
I’OSIHIION operational orbit and thcdcvclopmcnt  of the assessment phase maneuver sequence. I luring
routine ‘I’OPIW’OS1HI1ON operations, the Orbit Ilvcnt File is dclivcrect to the Mission Planning and
Sequencing ‘1’cam  on a weekly basis. lirom the Orbit I{vcnt  Iiilc, the Mission ]’lanncrs generate several
products. ‘1’hc events of the O1O; arc incorporated into the Sequcncc  of Ilvcnts  and the Space lilight
Operations Schedule. ?’hc Scqucncc  of Ilvcnts is a listing of the stored and rca]-time commands to be
uplinked  to the satellite, while the Space Iilight Operations Schedule is a timclinc of ‘1’01’IiX/
l’OS1~lIION  activities in graphical form. ‘1’hc Orbit llvcnt P’ilc is also used as input for the T’IIRSS
Rcsourcc lJser’s  Scheduling I’ool software, dcvclopcd  by the ~]nivcrsity  of Colorado for scheduling
“1’1>}{SS and IISN activities. ‘I”hc Mission l’laiming  and Sequencing “J’cam also uscs the land/sea crossing
information provided in the Orbit 1 Ncnt 1 ‘ilc to determine appropri ate times to enact special procedures,
such as altimdcr  borcsight  calibration maneuvers.

A thirt:y-scconil accuracy rcquircnicnt  was placed on the Orbit llvent  Progran]  by the TOPl!X/
I’OSI!llION Ground  Systcm, More specifically, it is rc~uircd  that each event time printed to the Orbit
1 ivcnt liilc be accurate to within thirly se~onds of the actual orbital event cxpcricnced  by the spacecraft.
A variety of mcthocls  have been employed to test individual print events in the Olil’, including a rigorous
comparison with a Predicted Site Acquisitio~l  Table (1’SA3’) supplied by NASA Goddard Space }dight
Ccmtcr.  Ongoing cxpcricnce  has motivated rcfincmcnts in the models  employed by the Orbit IWcnt
}’rogram, to increase accmcy in the computation of orbital events. lqight  data rwcived  in the tclcmctry
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during  ‘I’OI’}lX/l’OSl lll>ON operations has verified the accuracy of the CVCntS writ[cn to the Orbit livcnt
liilc.

1’1 ,ANIV1’A1{Y OIJSERVILR  1’1 ,ANNIN(; Sol’”1’WAR1t OVICRVIILW

‘1’hc l’lanctary  observer Planning Software (1’01’S) is a high speed, medium accuracy mission
design tool fortlhc analysis of planetary orbitsl. “ ‘1 hc PO1’S software set consi sts of t wo st ate propagators
(one models short term orbital motion, while. the other averages out short term behavior in order to
provide g,rcatcr computational speed2),  an ephemeris post processor, and a graphics software package.

~’hc l’lanctary  observer 1 ,ong Term Orbit l’mdictor  (1’01 .01’) propagafcs  an initial set of mean
orbital clcmcnts to a fut urc epoch, using mean-averaged orbital clcmcnts for computational speed,
1’01 .O1’isuscct  jforloll~tcrlll ]~rc)]~agatio]ls  when modeling the short period motion is not rc4]uimd, };orccs
modeled by 1’01[.01’ include gravity spherical harmonics, atmospheric drag, solar radiation pressure, and
luni-so]ar  third body cffeets, P()] .01’ crcatcs an cphcmris  file for usc by the post-pmccssor  soft ware.

I’hc l’lanctary  Observer } ligh Precision Orbit Propagator (PO} IC)l’) is used when short term
orbital behavior must be moctck.d,  1’01101’ propagates osculat ing orbit al elements from an i nit ial epoch
to a future epoch, using force models similar to those cmployc(t by PO] .01’. PO] 101’ has the added
capability of moctclling mass concentrations ill the central body. ‘1’hc computational algorithms usccl by
1’01101’ arc of higher accuracy than lhosc for 1’01 .O1], although the computational speed is greatly
lduced  for PO] 101’.

“l’he onl:y extcmal  filcrcquired to run 1’01.01’ or PO] 101’ is a gravity field file which contains the
unnornlali7,ed  spherical harmonic coefficients used in moctcling  the planet’s gravity field. ‘1’hc Goddard
IIar[h Model “12 is currcntl y used by q’OP}lX/POSIHIK)N mission opcrat  ions for the generation of POPS
cphcmcris,

“1’hc l’lanctary  Observer Post Processor (} ’01’1’) utili7es  the spacecraft cphcmcris,  created by
1’01101’ or PO] .01’, to search for various trajectory-or attituctc-rc]ated  gcomctrics. At occurrences of
thcsccvcnts, l’OPl’outputs  a variety of user-s  pccificd  data, POP1’may  alsousc an internal, low precision
spacecraft cphcmcris  instcact of the more acculatc  cphcmcris files generated by PO] 10P or POI .01’. “1’hc
low precision spacecraft cphcmcris  is jymcratd  by propagating the initial spacecraft state forward in
time to a future Cpoch,  using the J2. secular equations,

‘J’hc Oibit ljvcnt Program (01;1’) has evolved as a ‘I’OI’l{Xfl’OSI  illlON-s]~wific  version of
1’01’1’, ‘1’hc l’OI’liX/J’OSIil  I ION yaw steering control algorithm for solar pointing has been inqdc-
mcntccl  as an option to the 010’. Solar panel blockage of the “J’OPIIX/POS1  H lION high gain antenna is
modclect, and inputs are read to establish hiF,h  gain antenna gimbal angle ad mtc constvai nts. ‘1’hc 01 W
is maintained im parallel with 1’01’1’; rcfincmcnts  and modifications arc ]naclc to both programs when
apploprjatc. (jpcrational  versions of the 0] 1]’ current] y exist on the “1’OPIiX Grounct S ystcm VAX
machine, and in the Mission l>csign Seetion  at the Jet Propulsion 1.abo] atory on a UNIX-based Sun
SparcStation.  Minimal modifications a~c nemssary  to transfer the soft ware bet wecn the LJNIX machine
and the VAX.

~’hc l’lanctary  Observer Plotting Program (1’01’1 .CY1’)  is a graphics package for plotting the data
generated by 1’01’1’ or OIT. POP1 .0’1’ is often used to plot orbiter groundtracks on a world map with
a variety of labeling options, including time tics, rcv numbers, and station view Zfoncs. 1’OP1 .CY1’can also
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produce  view pcrid  sunmmix,  nodal crossing summfirics, occultation duration plots, an(i gcncrjc  x

VCIWS  Y plots for any orbitai data mmpuhxi by the posl pmccssm.

‘1’ol’lCX/POSIHl)ON ORl\l’1”  k: VICN’1’S

“1’lw OIH’ is uscci by the ‘I’OI’l;Xfl’OSl  ;lilC)N  Navigation Team to gcncratc  an orbit livcnt lJilc

(01{1’), which consists of a select group of tinlc-ordemi Cvcnts to be used in mission JJlanning for the
“]’01’1 iX/I’OSlill>ON  spacecraft, I;or each event, the day number and t imc of the event, cycle JIUJllbCr,
pass J)umbcr,  rcv  number, latitu(tc, longitwic,  event nmcmonic,  and cvcJ]t identification number arc
writtCn to thC ()]il;. ]11 a&iitioJl  tO thC O]ili, a ValiCly Of Orbital  palanlctcrs can bc written to an AS~ll
file upoJ) the occurrcJ~cc  of specific orbit cvcllts, or at user-ctcfincci time steps,

‘1’his section contains a cicscription of the orbit events that arc conq)LJtcd  by the 01;1”  and writ[cn
to the O1!JJ.

Orbit Rcvolul ion ICvtm(s

This event category includes ascending J]ocic crossings, asccncting and descending pass events,
and orbit cycle cvents~. ‘i’hc ascending Jlocic  event is triggered at each spacecraft asccnciinf?,  equatorial
crossing, l“hc asccrdingpasscvcnt  is activated when the spacecraft rcachcslllillillllll]] latitu[ic  in its orbit,
and ti]c dcsccnciing  pass begins when the spacecraft reaches its maximum latitude. ‘I”hc orbit cycle event
is triggcrccl at the completion of each grouncitrack  repeat cycle. ‘1’hc orbit cycle is defined to begin at the
start of an ascending pass. l~or “I’OPliX/POSlil  ilON, the orbit grouncitrack  repeat cycle is 127
revolutions in approximatcl  y 10 days,

1 .anci/sea events arc cictcrmined by the spacecraft nadir point crossing an liarlh lanWsea
boundary. ‘1’hc current land map data in tllc 010’  produces approximately 1” resolution, AJ~ effor[ is
currcntl  y being made to improve this rcsolut  ion to 0.2.” through the introduction of a digital world map
supplied by J}’] .’s lmagc l’mccssing, l;acility.

Vcrificafim  site ~loscst  Approach

‘J’hc verificat ion site closest approach event is activatcci  at the time of closest approach of the
spacecraft glOtJJdtraCk  to an earth-fixeci verification site. Closest approach occurs whcJl  the range rate
of the spacecraft nadir point with respect to the ground site is 74cro. ‘1’hc user may specify a boundary
range, outside of which closest approach events cannot occur. ‘1’01’IiXfl’OSIIIllON  uscs two verifica-
tion sites: the NASA verification site at 1 larvest Platform (34.469° N, 2.39.319“ Ii), an oil (irilling unit
off Point ~onccption,  California, and the ~N1iS verification site at ] ,ampione Rock (3 S.S46° N,
12.321” 1{), near 1.ampcdusa island in the hkdikIHJJICaJl  Sea. I~or the ‘J’OPIiX/i’OSFiI 1lON operational
orbit, adjacent groumitracks  arc spaccci 316 km aparl at the equator. “1’here arc passes in the operational
orbit cycle (cicsccnding at the NASA site, asccnciing at the ~NIN site) that overfly relatively C1OSC to the
verification sites, cicspitc the fact that they arc not the marest overflights to the site. In or(icr to obtain
a single closest approach event for eaci~ verification site pcr TOPI ;X/POSIHIION  orbit c yclc, the
boundary range for closest approach events is set at 2.() km,
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l)cwp Space Ndwork Rise  and Sc( “1’imes

‘1’his event category is dcfine,ct by the rise time and the set time of the spaccmf[  with JKXpCCt  to

three l~ccp Space Network (IXN) ground stations, Iimitcxt  by horimn  nlasks. l;or these events, it is

assumed that ol)lili-dilcctiotlal  antennas ontmarct  the spacxxxaft  provide virlual]y unlimi[cd  viewing
toward thccar[h. l’l~~ls,vicwii~gdc]~cl~ds  only on the Imrimn constraints at the IISN stations, ‘1’hc horiz,on
masks, which nmlcl  the terrain and l~SN station mechanical constraints, arc defined by elevation angle
as a function of the azimuth angle.  These data arc obtained  from the IX3N, and arc hard-cocted  into the
01{] ’as coefficients of a polynomial. ‘1’hc IX$N horizon constraints may also be set as a constant c]cvation
angle for usc by all lXSN stations, spccificd by MCI input,

‘1’racking  and :I)afa May Satcllile Sysfcm Rise and SC( Times

‘1’wo ‘1’racking  and IIata Rc]ay Satellite Systcm (’J’l IRSS) locations arc hard-coded into the 0111’
internal site data base: ‘1’lIRS  Hast at410 W, and 1’1)1<S West a( 174” W. If a ctiffcrcnt  “1’1)1{SS location
is desired, the ncwrl’llRSS  location maybe inlmt to the 010’. If the desired  ~’l>RSS  is in an inclined orbit
relative to the earth’s equator (as is the TIIRSS currently located at 1710 W), the user may input the
Kcplcrian orbital elements of the ‘1’IIRSS into the 01 ;1’, and the approximate posit ion of the “1’IIRSS  is
calculated for the appropriate events.

I@- the ‘1[’OP1 ;X/POSIill  ION Jnission,  the rise and set times of the “1’I)RSS arc limited by the high
gain antenna field of view constraints, and the high gain antenna angular rate limits. A spacccraft-
ccntcred 7CJlith.-OliCJlkd  coJlc angle  iS used to SpCCify  the g$olnctric  ]illc-of-sight  rise and Set times of
the ‘1’111<SS. I ligh gain antema  pointing is dcpcndcnt OJ) spacecraft attitwlc,  making it necessary to
implement the spacecraft yaw steering algorithm into the 01 W, in order for the ‘J ‘1>1<SS  rise/set events
to bc computed accuratc]y.

‘]’hc high gtiill  tJJ)tCJ)Jlti flC]d Of ViCW iS ]illlited  pl’illcipally  by lllCChatliCa]  and/or SOftWarC StOpS

in the antcJ~na gimba] aJlglcs. AdditioJ~ally,  the spacczraft  solar paJlc] Jnay impinge into the high gaiJl
antelllla field-of-view. q“hc ~l]]”s ilnp]cmclltatioll  of the high gain alltclllla field-of-view constraints is
in the form of a Jnask iJ~ gimbal  angle alphalbeta  space.  l~igurc 1 shows the high gaiJ~ antcJIJ~a  ficld-of-
vicw mask employed in the OIW.

Although a ‘l”I>RS  satellite is in the field-of-view of the high gaiJ~ antcJ~na,  limits imposed on the
angular rate of the antcJIJla actuators may pJcvcJlt  tracking. l’he user of the 01;1’  supplies the JnaxiJmml
alpha and beta gimbal  ang]c rates of the hig,h gaiJ~ antcJ~J~a  as an input,

solar occultation ]wmts

‘1’hc occu]tatiol)  of the SUJ) by thccar~h  as viewed from the spacecraft defines this cvcJlt. ‘1’hc OJIP
tl-cats the sun as a poiJlt source. “1’hc occultatioJ~ altitude above the carlh rcfcrcJ~cc  ellipsoid caJl be
changed by user iJlput  so that the effects of atmospheric attcJmation may be Jnodc]ed.
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Solar interference occum for the return link from the spacecraft to the ‘1’lIRSS satellite, when the
spacecraft is near the sun as seen from the ‘1’IIRSS4, A user of the 010’ provides a sun interference angle
constraint for the s]tacWlaft-”1’Ill{SS  collltlltltlicatiolls  link, which defines the maximum angle between
the spacecraft and the sun, as viewed by ‘1’1)}<SS, for which solar intcrfcrencc  can occur. Iior ‘1’OPIIX/
I’OSIHI>ON  applications, this sun intcrfcrcncc angle is 3.5”.

Solar indcrfcrcncc  can also occur for the col~)l~~~lt~icatiol]s  link between the ‘1’DRSS  satellites and
the White Sands Ground Terminal (WSG’I’).  Solar interference occurs for the downlink  from TI>RSS
to WSG’1’ when the “1’111<SS satellite is near the sun as seen from WSGT. I/or TO1’liX/I’OSIilllON
applications, solar interference is expcctcd  to occur when the TIIRSS- sun angle, as viewed by WSG”I’,
is less than 1”.

“]hcrc me four orbit sun time events written to the OliI/: orbit noon, 6 PM, midnight, and 6 AM.
‘1’hc orbit noon position is that point in the orbit whic]i  contains the proje~tion  of the earth-sun vector onto
the orbit plane, as shown in ]iigure 2. ‘1’hc orbit 6 AM position occurs when the spacecraft position vector
is in the diwctiion  of the unit vector clcfincxl  by the cross product between the earth-sun vector and the
orbit angular momentum vector. ‘]-he orbit li~idnight  and 6 PM orientations occur when the spacecraft
position vector is in the direction opposite of the olbit noon and 6AM positions, respectively.
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Olbi[ NoImal

O1bi( 6 AM Olbit Noon

IMa-1’rinm  Events

As shown in l;igurc 2, the beta-prime aTIglc is clcfincd  as the angle between the earth-sun vector

and the projection of this vector onto the orbit plane, measured positive when the carlh-sun  vector has
a component in the direction of the orbit angular momentum vector. “1’hc user of the 01 ;1’ may specify
a set of beta-prime values for which event times arc written to the Olili. For the TOPliX/POSIHl>ON
mission, hcta-prime events are written when the beta-prime angle passes through 0° and ~ 1 5“, I’hc i.] 5°
beta-prime angles arc transition Icgions  between fixed yaw and yaw steering of the spacecraft, and a ] 80°
yaw flip maneuver is performed when the beta-prime angle passes through OO.

Groundl rack Zone lhwds

‘1’his event category is triggcrcct when the spacecraft groundtmck  enters or exits a user-defined
area, typically a Radio  Frequency lntcrfcrcncc (R];]) zone or the South Atlantic Anomaly (SAA) zone.
“1’hc user supplies to the 010’ a set of longitmtc  and latitude vcrlcx points that ctcfinc  a polygon,
(iroundtrack Yoncpo]ygons  used dLlrillg’]’O]’]  lXh’OSIl]llON operations are shown in ]iigums ~ through
liigurc  5. l;igurc  3 is the Rlil 740nc associated with the ‘1’ IIRSS satellite located at 174” W ]ongituctc,  and
liigure 4 shows the RIjl zone for the ‘1’IIRSS at410 W. ‘1’hc SAA zone used for ‘I’OI’IIX/l’OSIH  llON
mission planning is shown in Pigure  5.
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‘1’he Orbit IIvent Hilt plays an important role in the development of mission sequences. ‘1’he cvcJlt
times listed in Ihe Orbit Went  Iiilc arc USMI by the Mission Planning and Sequencing Team for the
development of the Sequence of l!vents  (S011) and tllc Space ldight Operations Sc}mdule (S1;0S). in
addition, an ()]W views-chart is also produced by the mission planners, which shows gtaphicall y the
‘1’1)1{SS and IX3N view periods. ‘1’hc S011 is a listing of the stored and real-time commands and events
to bc uplinkcxl  to the satellite each week, and the S1/0S is a timclinc of the satellite activities in graphical
fem. ‘1’hc Orbil I~vcnt  ]iile is also used by tllc mission planners for “1’IIRSS scheduling, as input into the
lJnivcrsit y of Chlorado’s I“RLJSI’ program. “1’he land/sea crossing data contained in the Orbit }Rcnt  l;ilc
arc used to schedule appropriate times to enact special proccdurcs, such as alt imctcr borcsight  calibration
maneuvers. All scqueJlcc products arc rcvicwcd three times prior to being Up]ONkd to the Spacecraft,
‘1’he scqucncc is uploaded and run on-board ill the fourth week after the Olil; delivery.

‘1’hc Navigation Team has clcvclopcd a proccdute  for generating and delivering the Orbit Iivcnt
1 ;ilc, graphically shown in ];igurc 6. Reference. 6 dcscribcs  the circumstances for application and usc of
this procedure in both rout inc cruise opcrat ions and during maneuver planning and execution. An
important characteristic of this ]moccdure is tllc variability of the delivery schedule of the 0111~ to the
Mission I’lannirlg and Sequencing ‘1’cam in different phases of the mission. IIuring  routine operations,
the O1;l; is delivered every Thursday, and is generated using the orbital clcnlcJm rcccivcd in the latest
IIxtcJdcd Prezis,ion Vector, ‘l’he 0111/ covers the time period four sequences (i.e., four weeks) into the
future. I luring  maneuver opcriitions,  a preliminary Olil; is generated based upon the predicted post-
mancuver orbit, If the magnitude of the maneuver is sufficiently large, or if the actual maneuver
cxccuti  on performance deviates s.ufficicntl  y from the predicted value, an update to the 01 W may bc
rcquirccl,  llach maneuver during the. initial assessment phase of the ‘1’0]’liX/POS]  HIION mission
required updates  to the Orbit livcnt Ijilcs.
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I;igutc  6. 0111? IXtta l~low D]ock l>iagram

ORBI’J”  IWIIN’I’  F]] ,IC A(XXJRACY

“1’hc ‘J’OI’l~X/POSJO llON Ground Systcm requires the Orbit IJvcnt };ile  to predict event times
which arc accurate to within thirty seconds. Although some events cannot be validated directly, flight
data mzived  in the telemetry during “1’01’liX/J’OSIHIJON  operations has verified the accuracy of a
number of the events written to the Orbit llvcnt  }jile. “1’wo examples arc discussed in this section:  solar
occultation events and ‘J’l>RSS  acquisition.

Solar occultation events can be monitored directly, using the on-board ~oarse  Sun Sensor and
solar array voltage data. I’he Orbit Hvcnt Progrm  dctcrmi ncs solar occult at ions using a point source sun
and an ellipsoid carlh with a variable height opaque atmosphere. lnitial]y,  the Orbit Event Program used
an atmosphere height of 90 km to compute solar occultation duration. When compared with ~oarse  Sun
Sensor data, it was found that the atmosphere model  used was over] y conservative, resulting in predicted
occultation periods longer in duration that~ the actual cvcnts~. A more accurate set of occultation
predictions was produced by reducing the Orbit Hvent Program atmosphere height to 2.7 km. As seen
in ‘1’ab]c 1, the resulting predictions nmctcl  the actual events more closely, while still remaining
sufficiently conservative to insure that no unpredicted occultations will occur.

“l’he NASA Godclard PSA”J’ provided an cxcellcnt  source of comparison for ‘J”l IRSS geometric
rise/set cvcnts7, “1’IJRSS  orbital ephemeris data is computed and applied to event predictions in the
I’SAT, while the Orbit Rvent Program assures the ‘l”IIRSS  satellites arc located at fixed points above
the equator (a more accurate model is available in the Orbit Event Program, which allows the user to
specify the Kcp]erian  orbital clcmcnts for a sil]glc ‘1”111<SS satellite in an inclined orbit rdativc  to the
equator8),  “1’hc simplified approach used by the Orbit INcnt Program introduces error into the ‘1’J)RSS
rise/set t imc computations. Iiigurc 7 shows the diffcrcmcc in 1’1)1<S  1 last rise times as computed by the
orbit ];vcnt Program, compared with PSAT lcsults.  ‘J’hc majority of the rise times predicted by the Orbit
IIvent program differ by ICSS  than 30 seconds from the corresponding rise times written to the PSA’J’.
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1 lowcvcr, there arc pcrioclic  diffcremm  of over two minutes, and even outlying points  wi(h diffcrcnccs
of over three minutes. in order to insure that errors duc to “1”11}<SS motion do not rcsull in ‘l”lX{SS view
pcriocls being schcdulcct  when the ‘1’111<SS satellite is not visible to “1’01’IiX/l’OSf  HIION, the cone angle
(measured from the spacecraft nadir)  used to dctcminc  ‘1’l>RSS rise/set events is set to 57° for the.
l’01’IiX/l’OSl HIION orbit, ‘J’hc resulting geometric field-of-view of the spacecraft is conservative,
producing “1’111<.SS rise times somewhat later than they actually occur, and prexlictcd  ‘1’1]1<SS set times
that arc earlier than the actual events.

‘1’able 1, ~oamc Sun Sensor IJlight I)ata ~omparwt  with 01;}’ Occultation Predictions

lJ’1’~ Start-Stop ‘1’imcs
1993 I>C~Y hour:min:scc.—-. — .—.—.—— — ——
01316”50”36-17024044.=~..”L—-.—~.—
01318:43:06- 19”17s14— -_”—.—-
0132.0:35:36-21:09:36
Olq 22”2.’7”58-23002”06 —

.2_.”L.~_—
014 00:2~D:2.9  -00:54:37 _
01402:1:2:59- 02:46:59__
01404”05”29- 04:39:2~_— ~ u - — -
01405:5’7:51- 06:31:S1
01407”50-21-08024.21 —

———-_—?-l —Q—.—:—..
01409”4’2”51-10”16451—. ~.-’ J L.. ——L~—

.—..—.-—  -. —.--. -.=...
01;1’  ]’J’CChCt’~—

(27 km atmosphc~c height)

LJ’I’C  Stal[-StO]) ‘] ’illlCS
1993  IIOY hour: min:scc.—— - .—. — ._—-__—___.,__——
01316:50.28-17-24:45—>—. ——L. ——_.:
013 18 °42:S7 -19.17012 –

.—>—- .L —_—.-.  - - . - :  _ _ _
0132.035”2.5-21.09.39—->—-  = LL-L__-L_____.—
0]? 22.27:S3 - 23: Q2:06—.-.. -> ..2
01400”20:21- 00:s4:33  _—— -.2
01402.12:50-02:46:59——-a
01404”05”18- 04.?9:2.6-——-  .> >4 .— _.-L-
01405:57:46-06:31:53—-—-—
01407:50-14-08”24”20-— -.-L -—
014 0942”4?  -10616”47———-. L —L—L_. _- L.—L..  —__

—-——
OI;P l’redactions

— .

(90 km atmosphere height)

LJ’1’~ Star[-Stop ‘1’imcs
1993 lJOY hour: min:scc——.—— —-——.—.— — .—
01? 16”50:12-17:25:07—-— . ~ ——
01318 :42:40 -19”17”2.8-_.2—--. ___4.._4  . ...-2- ——..
01320:35:08-21:09:55.——
01322:27:37-23:02:22——
01400:20:05-00:54:49——
01402:12:33-02:47:16—.— -—
01404:05:01- 04:39  :43__
014 05: S7:30 -06:32:10
01407:49:58-08:24:37
01409:42:26-10:17:03—.——

1

2
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I;igurc  7. “1’111<S l?ast  l{isc ‘1’imc comparison, 01 ;I; Versus PSA7”
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(X)  NC1.lISIONS

‘1’hc Orbit l;vent Program has proven to be a vmalilc piccc of mission opcraticms  soflwarc  with
a wide range of applications. 11 is an intc~ral  parl of the dcvclopmcnt  of mission scqucnccs,  and thc
general natmc of the program has allowed it to be useful in a variety of ad-hoc tasks.

‘1’hc program may be useful for planetary orbiters other than ‘1’OPl;X/POSl;Il  ION. Only the
events related tcl the 1 Iigh ~Jaill  Antcma  field of view arc specific to the TOPIIX/1’OSIHllON  mission;
the rcmainclcr of the events may applicable, to other missions, including those dcsignccl to orbit bodies
other than carlh.

A(;KN()\4~l .ICl)GIChfltN’1’S

‘1’hc clcvelopmcnt  of the Orbit ]lvcnt }’rogram  has been an evolutionary process, resulting
from much dedicated work by a number of people. ‘]’hc authors wish to thank Min-Kun  ~%ung, IIan
Johnston, Johnny Kwok, John Smith, and Ted Swectscr for their contributions.
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